This paper concerns a method of reducing noise level in a mail processing machine at low cost. A stack part of the mail processing machine is one of the main noise sources. This is because an installation area of the stack part is large and is widely open so as to take out mails, that a noise is emitted towards an operator. The purpose of this study is to propose a method to reduce a noise level of a stack part at low cost as an alternative for sound-absorption material. A broadband noise is generated from a mail processing machine as various kinds of mails are conveyed. Also, information such as installation environment and housing size is usually not provided at the design stage. So, we need a method of reducing noise level to derive a design parameter from a certain range of prediction. Based on the characteristics of a stack part of a mail processing machine, we examined a method using a back opening of a stack part to reduce noise that is amplified by internal resonance. The reduction of the sound at the front evaluation point is examined by a model with a front and a back opening which has a trade-off between decreasing internal sound and increasing diffracted sound. The fact that a sound pressure level at the front evaluation point reduced with a back opening was confirmed by using experimental equipment. We have applied this approach to mail processing machine, and experimental value roughly corresponded to calculated value. The reducing noise level of a slit-like back opening was -3dB with white noise, and it had the same effect as a sound-absorption material.We have proposed a low cost noise reducing method as substitute for a sound-absorption material that can be used at a design stage.
External appearance of a mail processing machine. Assorted mails are stacked in stackers. These stackers are vertically and horizontally stacked, therefore the noise is emitted to an operator. Installation area of the stack part is usually the maximum area in a module. Therefore it is one of the main noise sources. Detailed picture of the stack part. The stackers have openings towards operator, but they cannot be covered to reduce noise. Moreover, as the stackers are made of metal, the sound echoes inside. Therefore, the structure of stack part awakes the resonance amplification easily.
Model to examine the difference of the front sound pressure level. A noise source exists inside a metal housing. An evaluation point (where operator stands) is before the front opening side.
The back opening has a slit. The direct sound from front opening and the diffracted sound from back opening are included at the evaluation point.
Measured frequency response function of the stack part by white noise source. There are several peak frequency indicated by arrows at 215Hz, 405Hz, 725Hz, 925Hz etc. These peak frequency shows that resonance amplification is generated inside chassis. Acoustic power level calculated by difference sound absorption coefficient. Peaks appear when a mean sound absorption coefficient is 0.01 (blue), and acoustic power level at the resonance frequency decreases when a mean sound absorption coefficient is 0.2 (red). Calculated result of reduction of the sound pressure level to the opening ratio. If we assume γ=0-0.3, η is expected to be around 0.12 to decrease sound pressure level more than 3dB(red line).
Unit layer of the stack part of mail processing machine. Speaker is placed inside and sound level meter is placed in front of the unit layer. Measured value of reduction of the sound pressure level in front of the experimental equipment. When the opening ratio η increases, the front sound pressure level decreases.
Experimental equipment to verify a method to reduce internal noise by opening ratio. The equipment is a box-shaped device made of iron plate (SPCC) 2mm thick. Approximate calculation of contribution ratio of the back diffracted sound at the evaluation point. The back diffracted sound contribution ratio γ is as small as 0.5 even with back side opened(red).
Experimental equipment with a reflection wall and side walls to simulate the stack part of a mail processing machine. We measured acoustic intensity in hemi-anechoic room. The measurement points are an opening center and an upper point of the experimental equipment where a back diffracted sound becomes maximum. Calculated result of reduction of the sound pressure level for experimental equipment. The contribution ratio γ was assumed to be 0 to 0.5. Reduction of the sound pressure level in mail processing machine (γ=0～0.3). With a slit in the back, the sound pressure level reduced to 3dB(red). This reduction level is equivalent to sound absorbing material (purple).
Fig.16
Octave band analysis of sound pressure level at the evaluation point. A slit(red) shows the same noise-reduction effect as a sound absorbing material(green) at several kHz frequency band. 
